Introduction
THE relative roles of meteoric and magmatic waters in ancient and modern hydrothermal systems have been the focus of numerous studies, particularly with the development of stable isotope geochemistry as a powerful tracer of ore fluid evolution. It is now generally recognized that hydrothermal systems associated with shallow-level intrusions can be of magmatic, meteoric, or mixed origins. The present study deals with a meteoric water-dominated system and examines the role of water-rock interactions in generating an ore-forming system. Studies of such fossil meteoric water-dominated systems have followed two subparallel paths. One approach has studied regional isotopic alteration patterns in country rocks surrounding shallow-level intrusions and has interpreted these patterns in terms of interactions with altering hydrothermal fluids (Criss and Taylor, 1986; Criss and Fleck, 1990) . The other approach has studied the isotopic evolution of ore fluids from specific ore deposits and interpreted the evolution of ore fluids in terms of interactions between the hydrothermal solutions and country rocks (Ohmoto and Rye, 1974; Taylor, 1979; Campbell et al., 1984) 
Ore Deposits

Deposit types
Three main types of mineralization are found in the study area: pelite-hosted siderite-tetrahedrite veins, carbonate-hosted Pb-Zn-Ag deposits, and carbonatehosted fluorite mineralization (Fig. 1) . The economically most important siderite-tetrahedrite veins in the district are found in the Ramshorn and Skylark mines which are hosted by the Ramshorn Slate. These vein systems strike north-south and dip to the west. The dip of the Ramshorn vein system varies from 40 ø to 70 ø W; the Skylark dips between 10 ø and 20 ø W. Veins range up to 2 m wide (Ross, 1937) . The Ramshorn-Skylark vein system is dominated by early siderite (Fe0.85Mn0.10Mg0.05COa, avg) and minor quartz, followed by tetrahedrite, then quartz and galena. Pyrite, sphalerite, chalcopyrite, and arsenopyrite are found as minor phases (Seal et al., 1990 ). Wall-rock alteration associated with all veins is minor (Hodges, 1978) . Beneath the Ramshorn system, within the Bayhorse Dolomite, drilling encountered a zone of hydrothermal siderite of unknown extent (D. P. Wheeler, pers. commun., 1985). The Barton and Silver Creek deposits, hosted by the Garden Creek Phyllite, are mineralogically similar to the Ramshorn-Skylark veins but contain a greater abundance of quartz.
The carbonate-hosted Pb-Zn-Ag deposits occur in the upper portions of the Bayhorse Dolomite (units 5 and 6), the most notable of which are the Pacific and Riverview mines. The deposits fill in stratiform and strata-bound breccias where they are transected by high-angle north-south-trending faults (Chambers, 1966) . The open spaces surrounding the breccia fragments were filled by quartz, followed by galena and sphalerite. Hobbs (1985a) and Hobbs and Hays (1990) suggested that the breccias were the result of paleokarstic processes during the lower Paleozoic.
The fluorite mineralization formed during the Eocene (McInyre et al., 1976) as breccia and vein fillings and was genetically unrelated to the older base and precious metal mineralization (Snyder, 1978; Constantopoulos, 1988; Seal and Rye, 1991) . Fluorite mineralization locally invaded previously mineralized zones of base and precious metals (Snyder, 1978 
Analytical Methods
Fluid inclusions
Fluid inclusion data were obtained by microthermometric heating and freezing, using standard techniques described by Roedder (1984) . The analyses were performed on a U.S.G.S. heating and freezing stage. The thermocouple was calibrated against synthetic fluid inclusions (Sterner and Bodnar, 1984) at -56.6 ø (COz-HzO) and -20.0øC (H20-NaC1), against ice water at 0øC, and against melting point standards at various temperatures up to 300øC.
Stable isotopes
Silicates were analyzed for 6•80 by extracting oxygen using BrF5 and converting it to CO2 for analysis (Clayton and Mayeda, 1963) . Hydrogen was extracted from whole-rock samples for analysis by dehydrating whole-rock samples under vacuum with an induction furnace and converting the evolved water to hydrogen gas by reaction with uranium at 850øC (Godfrey, 1962) . Carbon dioxide was liberated from the carbonates for 6•sO and 6•3C analyses by reaction with phosphoric acid at 25øC for calcites and dolomites and at 50øC for siderites (McCrea, 1950 Samples show a marked correlation between blaC and stratigraphic position for both dolomites (Fig. 2) . (Table 2 ) and exhibit apositive skewhess (Fig. 3a) . This asymmetric popula- All calculations at 350øC except samples PACM4-5 and PACM4-7 at 236øC and sample RIVMD6 at 285øC; 6•80 and 6D relative to Water/rock (W/R) ratios calculated using a closedsystem model provide a minimum estimate of the actual W/R ratios associated with hydrothermal activity because they neglect isotopic alteration effects integrated throughout the duration of hydrothermal activity (Ohmoto, 1986) . In the present study, a closedsystem model, where water is neither removed nor added to the system, will be used as a limiting case (Criss and Taylor, 1986) .
Calculations were done assuming a temperature of 350øC for interactions that were restricted to the Garden Creek Phyllite. Whole-rock XRF data (Seal, 1989) (Fig. 9 ) also supports this conclusion (Ohmoto, 1986 ).
Water-rock interactions and the origin of salinity
The origin of the fluid salinity is important because of the significance of C1 complexes to metal transport. The temperature and salinity characteristics of the fluid inclusions are not definitive with regard to the origin of the fluid salinity. Compared to endmember magmatic fluids, the Bayhorse fluid inclusions fall at the low-salinity limit defined by inclusions from magmatic hydrothermal deposits such as Providencia (Rye, 1966) (Fig. 11) . These ranges of C1 contents and W/R ratios correspond to potential salinities ranging from 1.0 to 83.2 wt percent NaC1 (Fig. 11) . However, the solubility of NaC1 in water at 350øC places an upper limit of approximately 40 wt percent (Keevil, 1942) . Sufficient sodium was available in the phyllite to balance this chlo- 
Relationship of Water-Rock Interactions to Paragenesis
The isotopic characteristics of the ore fluids, ore constituents, and country rocks may be interpreted to have developed through the interaction of deeply circulating meteoric waters with the Garden Creek Phyllite and Bayhorse Dolomite, with all of the C1 for metal complexing and all of the ore constituents coming from these units. Consequently, magmatic contributions, other than heat to drive hydrothermal circulation, are not essential to explain the hydrothermal system. However, magmatic inputs other than heat cannot be completely ruled out. The ores themselves represent the combined products of processes that occurred both at the site of deposition and in the source region of the ore fluids and constituents. A temporal framework for processes at the site of deposition can be obtained from the paragenetic relationships among the ore and gangue minerals, but the source rocks only record cumulative information from throughout the lifetime of hydrothermal ac- wt percent NaC1 equiv, which corresponds to an Na/ K ratio of 3.0 using the Na/K thermometer Fournier equation (Truesdell, 1984) (Fig. 12) . By the time that significant amounts of Pb had been liberated to the ore fluids, the Cu supply may have been exhausted in the source rocks.
In summary, the transition from early siderite to late quartz deposition may have been the result of CO2 effervescence due to cooling at the site of deposition. In contrast, the transition from early high salinities to later lower salinities of the ore fluids and the transition from an early Cu-rich character to a later Pb-rich character appear to be the result of the evo- lution of water-rock interactions in the surrounding Garden Creek Phyllite. For the salinity, early low W/R conditions may have scavenged much of the chlorine from the phyllite, thereby depleting the reservoir for later, slightly higher W/R conditions. The paragenetic relationship of the ore metals appears to be related to differences in the stability of their mineral hosts in the Garden Creek Phyllite during hydrothermal leaching. Thus, the salinity variations of the fluids would have had a direct genetic link to water/ rock ratios in the system, whereas the ore metal and gangue mineral variations would have been the result of decreasing temperature associated with the waning of hydrothermal activity and would have been only related indirectly to water/rock ratios.
